
NATURAL HAZARDS OF THE SPACE ENVIRONMENT
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Spacecraft in Low Earth Orbit (LEO) are subject to numerous environmental hazards. Here I'll

briefly discuss three environment factors that pose acute threats to the survival of spacecraft systems and

crew: atmospheric drag, impacts by meteoroids and orbital debris, and ionizing radiation.

Atmospheric drag continuously opposes the orbital motion of a satellite, causing the orbit to

decay. This decay will lead to reentry if not countered by reboost maneuvers. The drag deceleration is

directly proportional to the density of the thin atmosphere through which the spacecraft passes. During the

maximum in the 1 l-year solar activity cycle, increased solar ultraviolet radiation heats the atmosphere

causing it to expand and to increase the density at a given altitude. Figure 1 shows solar activity during the

past thirteen years. The mean density at a given altitude tracks this solar activity curve. Meteoroids and

orbital debris (M/OD) pose the obvious hazard of penetrating spacecraft surfaces, damaging external and

internal equipment; decompressing manned modules, propellant tanks and lines, and batteries; and

generating plasma pulses that can lead to failure of electronic components not directly penetrated.

Meteoroids arrive from the zenith hemisphere, the Earth providing shielding to the satellite from below.

There are two meteoroid components: the so-called sporadics, which produce a constant background flux of

particles, and the streams, which produce the meteor showers seen regularly on certain dates throughout the

year. Most meteoroids are small, low-density (~ 1 g/cm 3) objects, but they impact at high speeds, from 16

to 72 kin/s, and so may have high kinetic energy.

Orbital debris is a by-product of man's activities in space, and consists of objects ranging in size

from miniscule paint chips to spent rocket stages and dead satellites. As a collision threat, debris is always

present, and debris objects are most likely to arrive roughly in the local horizontal plane of a satellite, with

peaks in the flux distribution at about 30 to 60 degrees either side of the satellite's velocity direction, as

shown in Figure 2. Debris particles are modeled as having the density of aluminum, 2.7 g/cm 3, and having

collision velocities from 2 to 14 km/s. The spatial density of debris particles at a given altitude will vary

with the atmospheric density there, and so will be a complex function of the solar activity cycle and the rate

of debris introduction from above (by orbital decay) and from debris producing events, such as collisions.



Thecountermeasuretobothmeteoroidsanddebrisistofurnishspacecraftwithshieldstobreakup

theincomingparticlesbeforetheycanpenetrateimportantstructures.Theseshieldsmaybeofseveral

types,fromthesimpleWhippleshield- athin"bumper"layerofmetalplacedatastandoffdistancefroma

thickerbackwall(apressurevesselorcomponentwall),tomoresophisticatedmulti-shockblankets.

Debrisobjectslargeenoughtobetrackedbyradar(-10cmor larger)canbeavoidedbypropulsive

maneuvers.

IonizingradiationexperiencedinLEOhasseveralcomponents:geomagneticallytrappedprotons

andelectrons(VanAllenbelts);energeticsolarparticles;galacticcosmicrays;andalbedoneutrons.These

particlescanhaveseveraltypesofpromptharmfuleffectsonequipmentandcrew,fromsingle-event

upsets,latchup,andburnoutof electronics,tolethaldosestocrew.Ionizingradiationisanomnipresent,

omnidirectionalthreat,butexposurestothesetypesofradiationwillbeincreasedthroughrepeatedpassage

ofthespacecraftthroughtheSouthAtlanticAnomaly(aregionwherethetrappedradiationapproachesthe

Earth'ssurfacemorecloselythanelsewhere),orbysolareruptiveeventssuchasflaresandcoronalmass

ejections(CME's).IndividualflaresandCME'sareunpredictable,buttheirfrequencyincreasesduring

timesofmaximumsolaractivity.Countermeasurestoionizingradiationconsistofprovidingsufficient

shieldingmasstoattenuatethefluxtosensitivecomponentsandpersonnel;buildingelectronicsandother

equipmentthathasaninherentlylowvulnerabilitytoradiationdamage(hardening);andlimitingthe

exposuretimeofcrewmembers.

All threetypesofpromptthreatshowsomedependenceonthesolaractivitycycle.Atmospheric

dragmitigationandlargedebrisavoidancerequirepropulsivemaneuvers.M/ODandionizingradiation

requiresomeformofshieldingforcrewandsensitiveequipment.Limitingexposuretimeisamitigation

techniqueforionizingradiationandmeteorstreams.

[ 1] H.EulerandS.Smith,"FutureSolarActivityEstimatesforUseinPredictionofSpaceEnvironmental
EffectsonSpacecraft,"September2000,http://sail.msfc.nasa.gov/nse/solar.html.

Figure1. Monthly Mean and 13-Month Smoothed solar flux at 10.7 cm since 1987.

Figure 2. Orbital debris directionality: case at 51.6 degrees inclination and 400 km altitude.

Zero degrees marks the satellite velocity direction.
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